Abstract. Effective stewardship of Florida's coast requires, in part, detailed characterizations of ecological components of the marine system. Characterization of one component, manatees (Trichechus manatus latirostris), involves mapping its distribution and abundance and identifying features of the landscape that are intimately associated with its life history. In this study, we developed a raster-based spatial model that transformed radiotelemetry point data to surfaces illustrating the areas manatees visited frequently for relatively long periods, called ''places,'' and areas visited frequently for short periods, called ''movement corridors.'' This work involved (1) simulating manatee movement paths between sequential telemetry points using a cost surface based on manatee bathymetric preferences that were derived from empirical associations between telemetry locations and water depth, (2) distributing movement time to cells that were crossed by the simulated movement path, and (3) extracting cells from the movement-path map that qualified as places and those that qualified as corridors. Movement characteristics of wild and rehabilitated animals were similar. Movement rates of males were significantly greater than those of either females with calves or females without calves. Mean number of visits per cell and mean time per visit for the three adult classes were not significantly different. Males had the smallest mean patch size for places, and females without calves had the largest but fewest places. Based on qualitative evaluations by field biologists, we concluded that the model performed well in estimating places. The locations of movement corridors were less certain, although reasonable, given that manatee spatial cognition was considered sufficient to permit directed movement between places.
INTRODUCTION
The Florida manatee, Trichechus manatus latirostris, is an endangered marine mammal that inhabits freshwater and estuarine ecosystems of Florida (Hartman 1974 , Powell and Rathbun 1984 , O'Shea 1988 , Rathbun et al. 1990 , Lefebvre et al. 2001 . These near-shore areas are also heavily used by humans, resulting in encounters between people and manatees. Coexistence with humans has some adverse consequences, but what concerns scientists and managers most are manatee morbidity and mortality caused by collisions with watercraft (Hartman 1974 , Campbell and Powell 1976 , O'Shea et al. 1985 , Ackerman et al. 1995 , Wright et al. 1995 and habitat loss Powell 1976, Smith 1993) . Attempts at reducing these effects include the development of comprehensive manatee protection plans by state and local governments, establishment of slow-speed zones for vessels, and review of permits for coastal development (U.S. Fish and Wildlife Service 2001) .
A significant component of protection planning and permitting involves knowing where manatees aggregate (U.S. Fish and Wildlife Service 2001) . Most efforts at selecting appropriate protection measures for an area include applying mapped manatee aerial survey data to assess visually where manatees are observed in the highest concentrations (Ackerman 1995) . Because this method of interpretation is highly subjective, methods were developed that increased consistency in the interpretation of aerial survey data . Telemetry data are also used by managers in decision making as a tool for determining presence or absence of manatees when delineating areas of possible manatee concentration based on clusters of points. These applications, however, did not exploit the full value of telemetry data. These data also can be used to estimate locations of movement corridors, movement extents and rates, residence times, and differences in the movement behavior of males, females with calves, and females without calves (Bengston 1981 , Powell and Rathbun 1984 , Deutsch et al. 2003 .
Also of great interest to scientists and managers is how manatee distribution and abundance will shift with changes in the landscape. This shift will manifest itself as a new spatial arrangement of places and corridors. Of most immediate concern is the future status of warmwater refuges. Manatees have long been known to seek refuge from cold-water temperatures at warmwater discharge sites (Shane 1984) because they are susceptible to hypothermia (O'Shea et al. 1985) . Economic growth in Florida during the 20th century led to the construction of electric-power-generating plants that discharged warm water along the coast. Manatees discovered these discharges and began to aggregate at them when seeking refuge from the cold (Moore 1956 , Hartman 1979 , Irvine 1983 , Reynolds and Wilcox 1994 . To some extent, manatees became dependent on them and remained at the discharge sites during intermittent shutdowns Wilcox 1986, Reynolds 2000) , and they often returned to the same industrial warmwater discharges each year. The expansion of the power production industry in Florida is considered one reason that the winter range of manatees has extended northward from its more traditional South Florida range (Moore 1951) . Telemetry data is expected to contribute to our assessment of the risk that a changing landscape poses to the population of manatees.
When using UHF telemetry data, several of its attributes must be considered. First, locations estimated by the ARGOS system have varying degrees of accuracy depending on the satellite's angle over the horizon and how many transmissions were received from the tag. Second, satellite availability limits data recording to about eight times per day in Florida, of which we receive 3-4 good locations per day. Third, because transmission to the satellite cannot occur when the transmitter is submerged, biases are introduced. For example, we are less likely to receive accurate locations when manatees are moving than during feeding or resting (Deutsch et al. 1998) . Consequently, areas used primarily for movement will be underrepresented by telemetry points and, therefore, will be identified with less confidence than foraging and resting areas, where the tag typically floats at the surface. Fourth, although telemetry is effective in mapping locations, it tells us little about activities and paths taken between recorded locations.
What makes telemetry data special is that it provides many locations over time for individual animals rather than single locations of many animals at a single instant in time. Telemetry data have been used to quantify survivorship (Pollock et al. 1989a , b, Riley et al. 1994 , habitat use (Bulova 1994, Kieffer and Kynard 1996) , home ranges (Thompson 1994 , Carroll et al. 1995 , Quinn 1995 , behavior (Enderson et al. 1995) , movement differences by sex (Klenner 1987 , Bulova 1994 , and seasonal movement patterns (Folkow et al. 1996 , Deutsch et al. 2003 . These analyses typically involved describing distributions of points over time or markresight analysis.
Tracking data can also contribute significantly to our knowledge about how animals perceive the surrounding landscape. Environmental cues guiding manatees might include freshwater and warmwater gradients (Hartman 1979) , areas unperturbed by boats (Smethurst and Nietschmann 1998) , and visual landmarks such as bottom or shoreline features. How these cues interact to provide the manatee with a geographic picture is unknown. Furthermore, how environmental information is communicated among manatees during social interactions is unknown.
In this paper, telemetry data were used to develop a model that generates movement paths of manatees in Tampa Bay, Florida, USA. These movement paths were used to map manatee places and movement corridors. A ''place'' is defined as an area frequented by manatees for extended periods of time. Places include areas for feeding, resting, and refuge. Corridors are areas regularly visited by manatees for brief periods as they move from place to place. Slow movement rates, i.e., long residence times per grid cell, suggested a manatee place, whereas rapid movement rates identified a movement corridor. Results are interpreted in terms of manatee spatial cognition and their application to manatee protection decision-making and landscape-level assessments.
METHODS

Study area
The study area was restricted to Tampa Bay and the surrounding area ( Fig. 1 ) even though movements of tagged manatees ranged from the Florida Panhandle to the Florida Keys. Tampa Bay is a fairly shallow estuary, has abundant seagrass, and has several freshwater and warmwater sources (Tampa Bay Estuary Program 1996) . Between 50 and 300 manatees are found in Tampa Bay all year round, depending on water temperatures (Wright et al. 2002) .
Field methods
Manatees were captured by means of three methods: land-based captures at a power plant discharge canal, modified land-based captures, and open-water captures . Captured manatees longer than 230 cm were fitted with a belt that was tethered to a buoyant housing containing a VHF radio transmitter and a platform transmitter terminal (PTT) (Rathbun et al. 1987 , Reid et al. 1995 , Argos 1996 , Deutsch et al. 1998 , 2003 . Staff also tracked tagged manatees 1-2 times per week to collect visual observation data .
Six rehabilitated animals were included in this study. These included a female that was released in November 1991 in Charlotte County and tagged at the Tampa Electric Company (TECO) power plant discharge ca- nal; a female tagged and released in July 1996 in Lemon Bay, Sarasota County; a female released in Hillsborough County and tagged at the Florida Power Corporation (FPC) Bartow power plant; a female released in 1993 and tagged in the Braden River, Manatee County; a male tagged and released in Pansy Bayou in Sarasota Bay; and a male released in 1990 in Hillsborough County and tagged at TECO. None of these animals were calves when captured and rehabilitated.
Analytical methods
Data from Service ARGOS were processed to generate a digital map of points in the geographic information system (GIS) ArcInfo (Environmental Research Systems Institute, Redlands, California, USA). We examined the GIS map and tabular data and eliminated duplicate records, obvious locational outliers, and locations having accuracy classes other than 1, 2, or 3 (Argos 1996) . If two points occurred within 90 min of each other, then the one with the lower accuracy class was removed from the database. Locations for visual observations collected during tracking were entered into the GIS by generating a point coverage using the latitude and longitude coordinates and attaching its attribute information. The PTT and visual databases were converted to Universal Transverse Mercator projection using the North American Datum 1927 and then joined into a single map of point locations.
The goal of our study was to estimate the locations of manatee places and movement corridors. Mapping manatee places and movement corridors involved four principal steps. First, we prepared base maps of the Notes: The greater the value, the more ''expensive'' or less likely a manatee will cross the cell. Original bathymetry data consisted of a detailed point survey of depths in feet, here converted to meters. The sounding data were contoured and published in NOAA nautical charts and denote mean low water.
Florida shoreline and bathymetry so that every cell mapped as water in the shoreline map corresponded with a bathymetry value. Second, we transformed the bathymetry map to a cost surface (Table 1 ) ). Third, we evaluated the telemetry data to verify that the locations were positioned in water. Fourth, we delineated movement paths connecting consecutive telemetry locations and then calculated manatee residence times (minutes/cell) in cells crossed by each path. Movement paths were delineated using a ''least cost path'' approach in which bathymetric preferences were represented in GIS maps as costs. Fifth, we transformed the raster maps of the movement paths for each tagged manatee into maps of number of visits per cell and mean time per visit per cell. Maps of visits per cell and mean time per visit were combined and reclassed into manatee places and movement corridors for each animal. All maps and analyses were conducted using raster maps having 25 ϫ 25 m cell size. This cell size was necessary to help maintain shoreline features for running the movement path algorithm. Steps 1-4 are described in the Appendix.
Derivation of manatee places and movement corridors.-Maps representing places and movement corridors for each animal were derived from movement paths that satisfied three criteria that were based on removing excessive outliers and excluding error introduced by a malfunctioning satellite tag. First, the time interval between two sequential telemetry points did not exceed 3 d. Second, the start point of a movement path was not associated with a malfunction in the tag. Third, the estimated travel rate between two sequential telemetry points did not exceed 3000 m/h. Line coverages of movement paths for each animal were transformed to raster maps illustrating the number of visits by a manatee in each pixel, called VISITS, and the accumulated time per visit, called TIME. Summary statistics were then calculated for each map, including the number of unique cells visited, total cells visited, mean and standard deviation of visits per cell, and the mean and standard deviation of time per visit. Summary statistics were calculated by including only those cells visited by the manatee.
Analyses included comparing movement characteristics among males (M), females without calves (FN), and females with calves (FW). A few females were monitored during periods with and without a calf. Only the paths for the sex class, FN or FW, that composed the majority of their tagging period were used. Movement was categorized as characteristics of individual animals (range), movement paths (movement rate, RATE; mean frequency of visits per cell, MVISIT; and mean time per visit per cell, MTIME), and attributes of movement-behavior patches (places and movement corridors). RATE was calculated per animal as the total length of travel paths divided by the total hours tracked. MVISIT is the mean number of times cells were visited by an individual manatee. Only those cells with at least one visit were included in this mean. MTIME was calculated by first dividing the duration of a travel path by the number of cells crossed. This provided the cell value TIME, time per visit. After TIME was calculated for all cells and summed for all travel paths, then the TIME map was divided by the VISIT map to arrive at the mean time per visit estimate for each cell. MTIME can be interpreted as the mean manatee residence time for each cell. First, we tested the hypothesis that captivity and release of manatees did not bias the response variables. If the results suggested no differences, rehabilitated animals were pooled with the wild-caught manatees. If the data satisfied the criteria for parametric comparisons, we conducted a parametric analysis of variance to compare the mean number of visits per cell and the mean time per visit for the three sex classes. Otherwise, we conducted a Dunn's nonparametric multicomparison test (Dunn 1964) .
Manatee places and corridors were classified based on mean residence times and the number of visits and were represented as four maps for each animal. Maps of only those cells with one or two visits and a mean of at least 5 min/visit were called secondary places. Maps of cells with more than two visits and a mean of at least 5 min/visit were called primary places. Similarly, maps with cells of one or two visits and a mean of less than 5 min/visit were called secondary corridors, whereas maps with cells of greater than two visits were considered primary corridors. The resulting four maps were then processed with a 3 ϫ 3 cell spatial filter, in which the value of the focal cell, i.e., the center cell, in the output map was set to the sum of the cell values positioned within the 3 ϫ 3 filter. Cell values in the output map of five or greater, i.e., five or more cells in the neighborhood of and including the focal cell were representative of the theme of interest, were reclassified to a value of one, and the other cells were set to zero. The final map revealed a set of patches showing areas of comparatively greater activity for each place and corridor class for each animal.
Landscape indices for the movement-behavior maps were calculated using the spatial statistics software Fragstats (McGarigal and Marks 1995) . Patches were defined using the eight-neighbor rule. Fragstats output for each animal's maps of places and movement corridors were imported into SAS (SAS Institute 1990) where area (AREA), largest patch index (LPI), number of patches (NP), and mean patch size (MPS) of the different movement-behavior patch classes were compared among the three manatee sex classes.
Composite maps for each sex class were also compared. For each sex class, maps of the primary places were merged across animals, as were the maps of primary movement corridors. Using the map of primary places as an example, the result of a merge was a binary map in which a cell value of ''1'' represented at least one incidence of a primary place among the maps being merged. The same process was used to merge the primary corridor maps.
RESULTS
Characteristics of individual animals
Forty-one manatees, 19 males and 22 females, had movement paths mapped in the study area and were monitored for at least 30 consecutive days. Five of the females moved with their dependent calves for the entire time that they were tagged, and 12 did not have calves during the monitoring period. The tagging period of six females was split between times with and without calves. Six of the animals were rehabilitated animals. Details of characteristics of tagged animals used in this study and their movement paths are presented in Weigle et al. (2001) .
Predominant movement patterns included aggregating at warmwater discharge sites during cold weather, moving along the shoreline, and sometimes crossing Tampa Bay. Almost all coastal areas of Tampa Bay were visited by manatees, although some areas were visited much more frequently than others. Movement patterns varied considerably among individual animals; some remained in Tampa Bay during the tagged period while others moved well outside the study area . Fig. 2 illustrates movement paths for a single animal, one that ranged over a small area.
Characteristics of movement paths
Although MVISIT, MTIME, and RATE for M, FN, and FW usually satisfied the assumptions necessary for conducting parametric statistics, deviations were sufficient to warrant running nonparametric comparisons between rehabilitated and wild animals and amongst sex classes (Table 2) . Movement-path characteristics MVISIT (P Ͼ 2 ϭ 0.4386), MTIME (P Ͼ 2 ϭ 0.8827), and RATE (P Ͼ 2 ϭ 1.000) were not significantly different between captive-released and wild-caught manatees based on results of a KruskalWallis test. Therefore, rehabilitated and wild animals were pooled in subsequent analyses.
Mean movement rates were 417, 323, and 307 m/h for M, FN, and FW, respectively (Table 2 ). Movement rates were significantly different (PROB Ͼ 2 ϭ 0.0118), with M significantly greater than FN and FW. MTIME, which is related to the inverse of movement rate and reflects cell residence time, was not strongly significantly different at the 0.05 level (MTIME, P Ͼ 2 ϭ 0.0550). The mean number of visits per cell was not significantly different among sex classes (MVISIT, P Ͼ 2 ϭ 0.1824). MTIME was not related to the number of days an animal was tagged (Table 3) . MVISIT was positively correlated with tagging duration, resulting, in part, from seasonal variation in sites visited. This result is supported by the decreasing ratio of cells visited once to the number of cells visited at least once with increasing total movement-path length (Fig. 3) .
Characteristics of manatee places
and movement corridors Fig. 4 illustrates the places and movement corridors of all tagged manatees combined. Places were concentrated in West Tampa, the TECO power plant discharge canal and south to the mouth of the Little Manatee River, Terra Ceia Bay, and the Gandy Bridge area, including the FPC Weedon Island power plant. Movement corridors were found primarily along the coastline, although some extended across Tampa Bay. The most prominent corridor ran from the TECO power plant past the southern edge of the Tampa peninsula and across Old Tampa Bay to the Bartow power plant discharge.
Movement corridor and place characteristics were not significantly different between captive-released and wild animals based on results of a Kruskal-Wallis test (corridor characteristics, AREA, PROB Ͼ P ϭ 0.8537; largest patch index [LPI] PROB Ͼ P ϭ 0.2378; number of patches [NP] PROB Ͼ P ϭ 0.8537; mean patch size [MPS] PROB Ͼ P ϭ 0.8973; place characteristics, AREA PROB Ͼ P ϭ 0.8248; LPI PROB Ͼ P ϭ 0.3760; NP PROB Ͼ P ϭ 0.9853; MPS PROB Ͼ P ϭ 0.7122). Therefore, rehabilitated and wild animals were pooled in subsequent patch comparisons among sex classes.
Characteristics of movement corridors were similar among sex classes (Table 4 ). The primary difference was that females without calves had significantly fewer corridor patches and total corridor patch area. Places did not differ among sex classes for total patch area. Females without calves had significantly fewer but larger places as reflected by a low NP and high MPS and LPI. Alternatively, males had a much lower MPS and higher NP.
DISCUSSION
The model presented here transformed telemetry points into a movement history of manatees from which we extracted frequently used places and movement corridors. The results of this analysis are analogous to Note: Total days tagged was divided by 50. Student's t is reported for the null hypothesis that the parameter population mean is 0, along with the probability of a greater absolute value for this t value. those of home-range mapping via telemetry data (Klenner 1987 , Joshi et al. 1995 , but rather than using the clusters of points to delineate a home range, we can use clusters of manatee locations to help identify a particular environmental feature such as a warm-or freshwater discharge, where manatees spend extended periods of time or aggregate. Telemetry data collected on other non-territorial species show similar characteristics with respect to aggregation areas (Tiebout and Carey 1987, Franz 1995) .
It is important to note that the places and corridors displayed in Fig. 4 were delineated to illustrate outputs of the model. The data were filtered, and the criteria used to separate places from corridors were not chosen for the purpose of assisting in any specific management decision. Nor are the maps meant to be the definitive representation of manatee places and corridors in Tampa Bay. Depending on the management problem and its spatial and temporal scale, the criteria used to identify places and corridors and those used to display them on a map need to be evaluated for their applicability for representing manatee movement appropriate for the problem.
Characteristics of movement paths
We were interested in comparing movement rates among the sex classes. However, the model indicated that there was not a clear distinction in movement-path characteristics among the three sex classes. For example, although cell residence times and the MVISIT did not differ significantly among classes, movement rate, which is related to the inverse of residence times, was significantly faster for males. This apparent discrepancy may simply be due to the subtle differences in how travel rates and residence times were calculated. However, males of many species typically travel more extensively than the conspecific females (Goodwin and Marion 1979, Franz 1995) . For manatees, the mating season is long, and males travel extensively in search of females (Hartman 1979) . In this regard, Deutsch et al. (2003) reported greater daily travel for adult males than for females during the warm season along the Atlantic coast. This greater travel should translate into higher movement rates for male manatees.
We explored site fidelity (Deutsch et al. 2003 ) by comparing the number of days an animal was tagged to cell mean residence times. Mean residence times did not change with an increase in tagging duration beyond 30 d, suggesting that the general movement behavior was revealed early in the monitoring period, that is, commuting between places where extended time is spent. This result, when considered in conjunction with the proportion of cells visited once to total cells visited decreased as the duration of tracking increased, suggests a degree of site fidelity in manatees.
The observed variability in movement patterns among individuals, the locations of their places and corridors, and the discovery of areas new to individual manatees is due to choice-motivated behavior, about which little is known. For manatees, choice is motivated, in part, by avoidance of extreme air and water temperatures, the desire to drink fresh water, mate seeking, hunger, raising a calf, and possibly some human activities (Hartman 1979 , Buckingham et al. 1999 . How manatees receive, store, retrieve, and process environmental information is unknown. Some data suggest that knowledge is transferred from mother to offspring (Deutsch et al. 2003) , but new knowledge could also be acquired through interactions with other manatees (O'Shea and Kochman 1990) or by chance.
Choice is based, in part, on the level of knowledge, or memory, that the animal has about its environment Ecological Applications Vol. 15, No. 4 FIG. 4. Places and corridors generated by the model and combined for 41 animals. Places and corridors were identified for individual animals first and then combined. Frequently used places were defined as cells with at least two visits by an individual manatee and a mean visitation length of 5 min or more per visit. Frequently used corridors were defined as cells with at least two visits by an individual manatee and a mean visitation length of less than 5 min/visit. For illustration purposes, places and corridors were expanded by five cells in all directions. Patches of fewer than 5000 cells, or 3.125 km 2 , were deleted. Only the largest places and corridors were shown. Smaller places and corridors were scattered along the coast of Tampa Bay. Key: T, location of Tampa Electric Company Big Bend power plant warmwater discharge; G, West Gandy Bridge area including the Florida Power Corporation Bartow power plant warmwater discharge; W, West Tampa; M, Little Manatee River; C, Terra Ceia Bay. (Balda et al. 1997 , Janson 2000 . For example, several species of primates appear to recall locations of resources and show preferences for more rewarding sites (Garber 1989 , Menzel 1991 , Janson 1998 . In corvid species, spatial memory was concluded to improve the more dependent the individuals were on the resources for survival (Balda and Kamil 1989) . Although the species cited in these examples respond to their own set of environmental cues when exercising their spatial cognitive ability, the basic motivations driving their choice behavior, hunger, thirst, safety, reproduction, etc., are the same as for manatees. As such, some level of environmental knowledge is likely possessed by manatees because of their high level of fidelity to important resource sites such as high-quality warmwater discharge sites during cold weather (Deutsch et al. 2003) . If no prior environmental knowledge is assumed, then manatees would probably follow environmental cues until they reached non-navigable areas, undesirable environmental features, or preferred sites.
Behavior of geographically naïve animals suggests that manatees do follow environmental cues as they gain the appropriate knowledge base to establish habitat usage patterns commonly observed in free-ranging manatees. One adult manatee, Sweet Pea, was captured in the Houston, Texas, USA, ship channel and released in the Homosassa River, in northwest Florida . Mitochondrial DNA suggested that this animal lived with the Florida population and had traveled west to Texas. Because the animal also had scar patterns more common to Florida manatees and less common to their counterparts in Mexico it was believed less likely that this manatee had traveled north up from Mexico. Regardless, this animal's movement behavior was atypical. After release, Sweet Pea traveled widely, exploring the coastline up to Apalachicola Bay during the summer, then turned south arriving in the Florida Keys by winter, and then north along the east coast of Florida. She returned to Homosassa River while on her way south toward the Florida Keys, displaying possible recently learned behavior. However, she did not settle into a predictable movement pattern by the time the satellite tag stopped functioning. Released captive-born animals are slightly different in that they are not only geographically naïve, but also have not developed the knowledge and skills to survive in the wild. Although variation among naïve manatees is common, generally typical observations of tracked captive-born animals reveal a period of several weeks to months during which the animal doesn't move very far from the release site. As their world and knowledge base increases with time, they do start exploring their surroundings. If they join local individuals or groups of wild manatees, the captive-born animals seem to adapt their behavior to that of the wild animals and their movement behavior becomes more predictable over time.
We suspect that manatees maintain a mental map of some of the less common resource areas, such as freshwater and warmwater discharge sites and possibly several of the prime foraging areas. The existence of frequently used travel corridors and relatively few key aggregation sites, as revealed by the model, support this contention (Janson 2000) . The extent and complexity of their mental map, however, would be difficult to quantify. The gentle slope of the line in Fig. 3 suggests that the number of places in the manatee's mental map is extensive and that these animals continually learn of and travel to areas not previously visited. Other mammals, such as chimpanzees, can recall up to 16 locations (Menzel 1973) , and humans perform similarly when memorizing a map (Taylor and Tversky 1992) .
Another characteristic of manatee movement is the vast distances these animals trekked to reach specific sites along the west coast of Florida. Ultimately, movement is a cost-benefit balance between energy expended and the reward upon arrival (Steudel 2000) . Given that the mass of manatees is supported by water, moving their large size may be relatively economical (Tucker 1975) , so long-distance movements may be accomplished fairly easily. Furthermore, manatees travel along a plane, move slowly most of the time, and have a ballast system that may require little energy. Such efficient movement would allow manatees flexibility in their travel patterns, because they might be less constrained by energy expenditures. This efficiency and the fact that foraging areas are abundant and widely distributed may have contributed to the wide range in travel patterns and spatial extents observed among individual manatees . Constraining this flexibility is the potential heat loss during their winter travels, because manatees have a relatively high thermal conductance (Irvine 1983) .
Behavioral characteristics such as maintaining a mental map of resource locations and being able to travel long distances have implications for cumulative movement patterns of manatees. First, locations of less common resources such as freshwater and warmwater discharge sites are known by all manatees. Since manatees can move over long distances (access is limited by physical obstruction only) these sites can be reached by manatees from anywhere along the east coast of Florida. Furthermore, many of these areas are surrounded by feeding areas that are visited frequently during aggregation around such sites, resulting in a pattern of central-place foraging. Second, movement and aggregation behaviors are strongly influenced by seasonal temperatures so that foraging behavior, and therefore travel patterns, change over the course of a year. As a result, Tampa Bay, primarily near the shoreline, is blanketed by manatee movement paths.
Characteristics of places and corridors
The model did an excellent job of mapping places. All places identified by the model were confirmed by field biologists as areas where manatees aggregate, for-age, or simply spend extended periods of time. Many of the places were warmwater or freshwater discharge sites, most of which were man-made. Reasons for differences in characteristics of place patches, especially between females without calves and the other two sex classes, are unknown.
Any area that provides requisites with some minimal level of reliability can qualify as a potential place for manatees. Most notable are freshwater discharge sites and warmwater refuges, because of their predictable high manatee abundance. Seagrass beds and other feeding areas are sufficiently abundant and widely distributed and thus do not attract dense concentrations of manatees to any single patch. Depending on weather conditions, those foraging patches near freshwater and warmwater discharges may be used more due to their accessibility from the discharge sites than those further away (Packard 1984) .
Probably more than any other factor, human landuse choices have influenced the current distribution of frequently used places and, consequently, manatee distribution and abundance in Florida. Industrial discharges from paper mills and power plants are thought to have expanded the winter range northwards by providing refuge from cold temperatures (Hartman 1974, Campbell and Irvine 1981) . Canal construction, which occasionally opens pores in the Florida aquifer, can result in seeps of fresh water as well as provide more temperate deep-water refuges (Shane 1984) . Seawalls that concentrate run-off via discharge pipes and sewer lines also contribute to the distribution of freshwater discharges, in addition to rivers, streams, and natural seeps.
Locations of movement corridors were less certain. Corridors, unlike the places, tended not to be associated with clusters of telemetry locations unless they overlapped places such as seagrass patches. Furthermore, because of the ephemeral nature of manatees in the corridors, field biologists could not confidently identify the locations of frequently used corridors. One corridor delineated by the model and considered a likely route is the one connecting the two primary warmwater discharge sites that are located on opposite sides of Tampa Bay (the Florida Power Corporation's Bartow plant and the Tampa Electric Company's plant) (Fig. 4) .
Manatee movement corridors are not considered to be the same as conservation corridors. Conservation corridors are typically related to physical features of the environment (Hurlbert 1969 , Healy 1975 , Hershey and Forester 1980 , Beier and Noss 1998 and are delineated solely by their structure, such as greenbelts (Diamond 1975 , Wilson and Willis 1975 , Noss 1987 . Manatee corridors are defined as being a route selected by many manatees to travel between places. Their existence suggests a relatively standard cognitive protocol among members of the population. Required environmental attributes for a corridor might be minimal, possibly as simple as sufficient water depth to permit passage. Manatees may show preferences for certain water depths and may avoid areas of heavy boat use, but they will cross less preferred areas to reach their destination. In this scenario, the primary influence behind the location of corridors would be the spatial arrangement of places. If a manatee's spatial cognition is high, i.e., if many places are maintained in an internal map, it could reduce travel distances between places.
Some forms of minimizing movement between places are reported in the literature. For example, organisms will move more frequently between nearby patches than between distant patches (Reed et al. 1998 ). Whether or not animals are aware of the most direct route between patches is less certain. For example, striped newts and eastern narrow-mouthed toads did not use narrow migratory corridors. Rather, their movement was directed between terrestrial habitats and breeding ponds (Dodd and Cade 1997) . For manatees, the process behind choosing routes between places is unknown. The results of the model do suggest that corridors are part of the manatee's movement behavior.
The mapping of places and corridors clarifies areas of importance for manatees beyond using telemetry point data alone. Telemetry data can help delineate some of the obvious places but is less effective at mapping movement corridors. Furthermore, examining points for presence/absence lends itself to a broad spectrum of interpretations among reviewers as to where the important manatee areas might be. The results of our model synthesize elements of the data that are difficult to visualize, such as residence times and mapping places and corridors in a consistent, relatively objective manner. What must be decided when managers are applying this model is the criteria for defining a place or corridor, the range of values designating a high-use place or corridor as opposed to low use, and the spatial extent of a place and width of a corridor.
